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Abstract - The heat sink is an important component in
laptop computers as it dissipates the heat generated by the
system. The efficiency, cost and overall size of the system
can be affected by the heat sink device. Four selection
criteria; thermal conductivity, coefficient of thermal
expansion, density and minimal cost to choose a laptop
computer cooling material The ideal heat sink material
exhibits high thermal conductivity, low coefficient of
thermal expansion, low density and low cost. In this study,
we investigated the thermal properties of aluminum
matrix composites reinforced with 0-10 wt% copper-
coated Multiwalled carbon nanotubes (MWNTS) produced
by liquid state processing. Composites with the addition of
<10 wt.% MWNTs have higher thermal conductivity than
pure aluminum produced by the same liquid state
processing. The MWNTSs/AlI composite exhibited a
maximum thermal conductivity of 199 W/m/K at 5 wt.%
MWNTs. The increase in thermal conductivity is
supported by the measured micro hardness. The
MWNTSs/Al  composites  exhibited a  maximum
microhardness of 90 HV also at 5 wt.% MWNTSs. The
contribution of carbon nanotubes to the thermal
conductivity of the composite was demonstrated by
theoretical analysis. The results showed that MWNT-
reinforced aluminum matrix composite is a potential
material for high thermal conductivity applications, such
as heat sink applications.

Keywords: heat sink, thermal conductivy,
aluminum, multi-walled carbon nanotubes.

composites,

I. INTRODUCTION

The expansion in heat from electronic parts is a
significant issue looked in electronic innovation due to the
scaling down of these parts [1-3]. Heat sinks are utilized to
scatter the intensity produced by these electronic parts. An
intensity sink is portrayed as an item that scatters or
disseminates heat from another article. Typically heat sinks
are generally utilized in PCs and microelectronics as well as
different applications [4, 5].
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In PCs, an intensity sink is connected to the chip to assist
with keeping the chip from overheating. Hartle [5], states that
PC coolers are thermal guides that divert heat from the PC's
focal handling unit (central processor) as blades that give an
enormous surface region to scattering intensity to different
pieces of the PC. With the rising pace of processors and the
scaling down of PC computer chips, heat sinks have become
extremely essential as frameworks will generally overheat
without a cooling system.

Metal materials are normally used to create heat sinks
that capability as intensity conveyors that eliminate heat from
the computer processor. Notwithstanding, there are benefits
and burdens of various metal materials utilized for the
development of intensity sinks. The thermal conductivity of
metallic materials is an issue that should be thought of. The
higher the thermal conductivity of the metal material, the
better in dispersing heat.

Aluminum is the most normally involved material for
heat sinks because of its light weight, lower cost, fabricating
capacity, and foundation [6]. The thermal conductivity of
aluminum is around 220 W/mK [7-10]. The higher this
number the more intensity the material can lead. Also, copper
can be utilized for the development of intensity sinks in light
of its high thermal conductivity worth of around 400 W/mK
[7]. Its principal detriment over aluminum is that it is multiple
times heavier and more costly.

Materials with high thermal conductivity (TC) and low
coefficient of thermal development (CTE) are the decision for
PC sinks. A material reasonable for this reason should join
two fundamental properties: it should have a high thermal
conductivity (TC) and an appropriate coefficient of thermal
development (CTE) (like semiconductors utilized in the
production of electronic circuits). Likewise, for every specific
application, other extra properties might be required: high
substance latency, erosion obstruction, wear opposition, and
so on.
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Carbon nanotubes (CNTs) with exceptional mechanical
properties, extremely low thermal extension (CTE=0), and
high thermal conductivity [11-13], are potential support
materials for use in composites. As indicated by hypothetical
forecasts and exploratory estimations, the thermal conductivity
of CNTs comes to as high as 3000-6600 W/m/K [14,15].
Aluminum is one of the main matrix materials for MMC. The
mechanical properties of CNT-built up Al framework
composites (CNT/Al composites) have been concentrated
seriously.

Up to this point, a couple of studies have examined the
thermal conduction conduct of CNT/AI composites. Bakshi, et
al., [16] delivered a composite of 10 wt.% CNTSs/Al utilizing
plasma splashing and the thermal conductivity was just 25.4
W/m/K, significantly less than unadulterated Al. Yamanaka et
al. Yamanaka, et al., [17], revealed that the thermal
conductivity of CNTs/Al composites diminished with
expanding CNT content. The revealed thermal conductivity
for CNTs/Cu composites [18,19], likewise showed a
diminishing pattern contrasted with unadulterated Cu. The
reduction in thermal conductivity was for the most part
connected with the agglomeration of CNTs which brought
about the thermal opposition of the connection point into the
composite. Two necessities should be met to: accomplish high
thermal conductivity in the CNT/metal composite - the
composite has low interfacial thermal obstruction and the
CNT is homogeneously scattered in the metal matrix.

This research focuses on the thermal conduction behavior
of aluminum matrix composites reinforced with multiwall
nanotubes (MWNTS/Al composites) produced by the stir
casting process. Stir casting processing is a very useful
technique for bonding non-sinterable materials such as carbon
nanotubes. In order to produce a homogeneous dispersion of
carbon nanotubes in an aluminum matrix, the powdered
carbon nanotubes were first modified before being
incorporated into the aluminum melt.

1. MATERIALS AND EXPERIMENTALS
PROCEDURES

2.1 Materials

Multiwalled carbon nanotubes provided by Chengdu
Natural Synthetic substances Co. Ltd., China (OD: 10 - 20 nm,
length: 10 - 30 m and immaculateness > 98% ) were utilized in
the current review. The colloidal palladium-tin activator made
with a creation of 0.5 g palladium chloride (PdCI2), 50 ml
37% hydrochloride corrosive (HCI), 200 ml deionised water,
25 g stannous chloride. Cupric Sulfate Pentahydrate (98.5%
Measure) and Sodium Carbonate Anhydrous (99.5% Examine)
were provided by Bofa Laboratotium. Sodium Hydroxide
(close to 100% Examine) was provided by Bofa Laboratotium.
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Pottasium Sodium Tartrate Tetrahydrate or what is known as
Rochelle salt (close to 100% Examine) was provided by Bofa
Laboratotium. Cobalt (1) Chloride Hexahydrate (almost 100%
Examine) was provided by Bofa Laboratotium. Formaldehyde
37% in watery arrangement was provided by Bofa
Laboratotium.

2.2 Experimental Procedures

The metallization of CNTs by copper was led in three
stages. The interaction began by the enactment of CNTs
surface utilizing colloidal Pd-Sn particles followed by the
speed increase move toward eliminate stannous hydroxide
stores on top of the actuated surface. At last, the electroless
plating of Cu-Co on top of CNTs was preceded as displayed
Figure 1.

Deposited Cu-Co

Stannous hydroxide Exposed Pd surface

Pd-Sn nanoparticles

Acceleration

Activation

Electroless Cu-Co

Figure 1: General scheme of Cu-Co electroless plating on CNTs
2.2.1 Activation of CNT’s in Pd-Sn Colloidal Solution

How much CNTs utilized in this cycle was fixed to 0.1
gm of MWCNTSs. The CNTs were utilized as gotten with no
functionalization. The CNTs were initiated utilizing a
colloidal Pd-Sn arrangement adjusted from the Plating on
Plastics (POP) industry. The enactment cycle was finished in a
combination of 37,5 ml colloidal Pd-Sn arrangement, 37,5 ml
HCI (37 %), and 175 ml DI water. While utilizing, blend 15%
palladium-tin  colloid impetus arrangement and 15%
hydrochloride corrosive (37%) together, and balance with
deionised water, then warmed to a temperature of 50 - 60 °C
to get a superior reactant impact.

For the actuation, the CNTs were scattered by attractive
stirrer in the colloidal answer for 30 minutes. When the
blending was finished, the treated CNTs were filtered out
utilizing 0.22 1 m PTFE filter film on a microfiltration unit.
After filtration, CNTs were redispersed in water and refiltered
again to eliminate the overabundance colloidal particles and
hints of the colloidal arrangement from the enacted Cnt's.
After the filtration, CNTs were gathered from the film
utilizing tweezers.
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2.2.2 Acceleration of CNTs in a Mixture of Acids

The CNTs were then positioned in an answer of a
combination of acids known as the gas pedal. The capability
of the gas pedal is to eliminate abundance tin hydroxide from
the outer layer of the synergist particles on CNTs permitting
the palladium surface to be uncovered. It was surmised that
the speed increase doesn't eliminate tin from the center of the
colloidal particles [20]. The speed increase process utilizes HF
corrosive 55% (50 mL) in 500 mL DI water.

After speed increase, the CNTSs were redispersed in water
and filtered again to eliminate the hints of the past
arrangement. By following the past advances, the outer layer
of CNTs was delivered synergist.

2.2.3 Electroless Cu-Co Plating of CNTs

A 1l-liter arrangement of the Cu-Co electrolyte was
arranged involving the focuses in Table 1.

Table 1: Typical concentrations of Cu-Co electrolyte [21]

Copper-Cobalt electrolyte | Concentrations
CuS0,.6H,0 6.99 g/L
Na,CO3 29/l

CoCl, 6H,0 1.09 g/L
KNaC4H;0¢-4H,0 22.57 g/lL
(Rochelle Salt)

NaOH 45¢9/L
Formaldehyde 37% 6 ml/L

All powders of the antecedent were broken down in DI
water under attractive stirrer for 5 minutes. Formaldehyde is
added to the arrangement subsequent to ensuring dissolving
every one of the powders in the arrangement. When the
formaldehyde was added, Actuated CNTs were placed in the
electroless shower under attractive stirrer for 10 minutes and
the response began to happen on the reactant surface of Pd-
covered Cnt's. Air bubbles began to emerge from the
arrangement once the CNTs were added. This occurred as an
indication of dissolving hydrogen from the outer layer of the
palladium as well as the oxidation of formaldehyde that
produces hydrogen. The arrangement was then put under
attractive mixing for an additional 30 minutes. When the air
bubbles halted, it gave a decent sign that copper has totally
covered the whole impetus surface. For this situation the
copper surface turned into an auto-impetus and the
arrangement became a brilliant shade of brown demonstrating
the inclusion of CNTs by copper. After the blending is
finished, the copper covered CNT's begun to collect in the
lower part of the measuring utencil because of their expanded
thickness. The arrangement was then filtered. The shade of the
filtered arrangement was observed in the start of the filtration
cycle and being light pink showing the utilization of all the
copper particles in the arrangement before the filtration was
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accounted for. Figure 2 shows the shade of the acquired
copper covered CNTs powder.

Figure 2: Filtered copper coated CNT’s of a brown color

The copper coated CNTs were characterized using
scanning electron microscopy (SEM) analysis using (JEOL-
JSM 6510 A) at the Materials Laboratory of Mechanical
Engineering Udayana University.

2.2.4 AI-MWCNTs Composite Manufacturing Process

Materials for composites, aluminum and multiwall carbon
nanotubes with varying compositions (0% ; 2%; 4%; 6%; 8%
and 10% by weight MWCNTS) were included in the smelting
kowi. Heated to a temperature of 700 °C with a time of 20
minutes and a stirrer speed of 200 rpm. The composite melt is
poured into a cylindrical metal (steel) mold at room
temperature. The equipment used in this stage is shown in
Figure 3.

Aluminium MWCNT

U';U

Motor listrik

Dudukan motor_

Tiang p g Pengaduk
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Figure 3: Design of equipment systems for composites fabrication
2.2.5 Density of AI-CU/MWCNTs Composites

Density measurement refers to Birkeland [22]; ASTM C
134 - 95, and performed using Archimedes' principle. The
measurement of the density of the Al-Cu/MWCNTSs composite
material is a test object resulting from the stir casting process.
The procedure for measuring the density of the Al-
Cu/MWCNTs composite material is carried out in the
following steps:
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a. The sample was dried in an oven at 100°C with a drying
time of 2 hours, then weighed its mass with a digital
balance, called dry mass (ms).

b. Weigh the mass of the sample along with the hanger (using
a wire) in the water using a digital balance, mg.

c. Weigh the mass of the hanging wire using a digital balance,
M.

By knowing these quantities, the density of the Al-
Cu/MWCNTSs composite material can be determined using the
equation [22],

mg

ms—(mg -my)

p= x p H,0 1)

with,

p = bulk density (gram/cm?)

ms = mass of the sample after drying in the oven (grams)
my = mass of sample suspended in water (grams)

my = mass of sample hanging wire (grams)

p H,0 = density of water = 1 gram/cm®
2.2.6 Porosity of AI-Cu/MWCNTs Composites

Measuring the porosity of AI-Cu/MWCNTSs composite
materials, refers to Birkeland [22]; ASTM C 373 - 88. The
procedure for measuring the porosity of the AI-Cu/MWCNTSs
composite material is carried out in the following steps:

a. The samples were dried in an oven at a temperature of 100
oC with a drying time of 2 hours then weighed the mass
with a digital balance, ms.

b. The sample is boiled in water at 110 °C, until the mass of
the object is in a state of saturation (saturated), then wipe
the surface with a cloth, and weigh the mass using a digital
balance, my

c. Weigh the mass of the sample along with the hanger (using
a wire) in the water using a digital balance, my.

d. Weigh the mass of the hanging wire using a digital balance,
M.

By knowing these quantities, the porosity of the Al-
Cu/MWCNTSs composite material can be determined using the
equation [22],

mp—mg

mp—(mg—my)

p= x 100% 2

with,

p = bulk density (gram/cm?)

ms = mass of the sample after drying in the oven (grams)

mp = mass of the sample after soaking in water / saturated
(grams)
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mg = mass of sample suspended in water (grams)
my = mass of sample hanging wire (grams)

2.2.7 Hardness of AI-Cu/MWCNTs Composite (Vickers
Hardness Test)

The hardness of the Al-Cu/MWCNTSs composite material
was tested at the Metallurgical Laboratory of Mechanical
Engineering, State University of Malang using a
Microhardness Tester (ESEWAY, Model EW421AAT), and
the test refers to the standard Dowling [23]; ASTM E 18 - 02.
The hardness test procedure is as follows:

a. The surface of the test object is first sanded using sandpaper
starting from the roughest to the smoothest.

b. Place the sample in the holder, the given load is 100 grams
and the identification time / dwell time is 10 seconds.

c. After pressing, observe the resulting indenter, such as a
diamond (Figure 4) by adjusting the focus until the
observed shape is quite clear.

" Jejak indemtor

Figure 4: Vickers Hardness test results

d. Measure the diagonal length of each pressing result and the
hardness value of the tested sample can be read directly on
the microhardness tester monitor, perform at least 3
repetitions for each sample tested.

The hardness value of the AI-CU/MWCNTSs composite

material can also be calculated using the following equation
[23].

a

2P .
VHN = —z Sing

= 1,8564 — 3)
with :

VHN = Vickers hardness value (kgf/mm?)

P = pressing load (kgf)

d = average diagonal length (mm)

a = angle between diamond faces (136°)
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2.2.8 Thermal Conductivity

The value of the thermal conductivity of a material shows
the rate of heat transfer flowing in a material. The thermal
conductivity of most materials is a function of temperature,
and increases slightly as the temperature increases, but the
variation is small and often negligible. If the value of the
thermal conductivity of a material is greater, the greater the
heat flowing through the object. Therefore, a material with a
large k value is a good heat conductor, whereas a material
with a small k value is a poor conductor or an insulator [24].
In this study, for the thermal conductivity test, Linear Heat
Conduction Devices (TD1002a) were used.

Tq= e

Figure 5: Linear Heat Conduction Experiment (TD1002a)

The working principle of the tool is that there is a heat
source on the left side and a heat sink on the right side so that
there is a fairly large (significant) temperature difference
along the metal being tested. The heat source comes from an
electric heater, the test object and its heater are all isolated.
The test object consists of brass, copper, aluminum and
stainless steel with a thickness of 20 mm and a diameter of 30
mm.

The energy that occurs in the heater is given by the equation:
W=VxlI 4

With ,

W = Electrical power (watts)
V = Voltage (volts)

| = Electric current (amperes)

Heat transfer that occurs:
y — ar
q= k.A.dx (5)

With ,

qg= i—‘f: heat transfer rate (Watts)

K = conduction heat transfer coefficient (Watt/m.K)
A = Cross-sectional area of metal test object (m?)
dT = temperature difference (K)

dx = distance between test points (T, and T,)

for this case W=
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I1l. RESULTS AND DISCUSSIONS
3.1 Products of Al - MWCNTs Composites

The aftereffects of the Al - MWCNT composite
projecting cycle with different arrangements are displayed in
Figure 6.

Figure 6: Product casting of Al - MWCNTSs composites

Furthermore, the results of the Al - MWCNT composite
casting are formed (lathe process) into a diameter of 30 mm
and a thickness of 20 mm, for the process of testing physical
properties, morphological characterization and thermal
conductivity, Figure 7.

'

Figure 7: Al - MWCNTs composite casting product after turning
3.2 Physical Properties of Al - MWCNTs Composites

Based on the results of calculations using equation (1) for
the density test, equation (2) for the porosity test, as well as
testing the hardness properties of Aluminum — Multiwall
Carbon Nanotube composites, which were carried out in the
Lab. Metallurgy Mechanical Engineering, Udayana
University, obtained data as shown in table 2.

Table 2: Physical Test Data for Al - MWCNTs Composites

Compasition specimen | m, m, | o m  m PHO P P
(% weight) @ | @ | @ | @ | @) | @ed)| %
OMWCNTs | 100A1 | 3883 [ 2565 | 1 | 395 1 2738 | 4512
2 MWCNTs 03Al | 3792 (2515 1 | 393 1 2754 | 9100
4 MWCNTs o6A1 | 3778 [ 2465 | 1 | 389 1 2674 | 7344
6 MWCNTs 04Al | 3715 [ 2403 | 1 | 387 1 2,650 | 9955
8 MWCNTs 02A1 | 3695 [ 2365 | 1 | 385 1 2,584 | 0770
10MWCNTs | 90A1 | 3678 | 2327 | 1 | 383 1 2,535 | 9482

3.2.1 Effect of Reinforcing MWCNTs on Aluminum on
Density

Based on Figure 8, it can be seen that with increasing
MWCNTs content in Al — MWCNTs composites, the
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composite density tends to decrease. The lowest composite
density of 2.535 g/cm® occurred when the MWCNTS content
was 10% by weight. Meanwhile, the highest composite
density of 2.754 gr/cm® occurred when the MWCNTSs content
was 2% by weight.

2,800
138 2,754

2
2,750 4
2700 2,674

2,650

2,650
2,600 S

2,535
2,550 ~

2,500

Density (gr/cm3)

2,450

2,400
0 2 4 6 8 10

Composition MWCNT (%)

Figure 8: Tthe relationship between density and composition

3.2.2 Effect of Reinforcing MWCNTSs on Aluminum on
Porosity

Based on Figure 9, it can be seen that with increasing
MWCNTSs content in the Al — MWCNTs composite, the
porosity of the composite tends to increase. The lowest
composite porosity of 4.51% occurred when the MWCNTS
content was 0% by weight. Meanwhile, the highest composite
porosity of 9.96% occurred when the MWCNTSs content was
6% by weight.

12,00
9,96 9,78

10,00 9,11 9.48
= 800 VAN
g " / "~
2
Z 6’004,52/
2
S 4
o 4,00

2,00

0,00

0 2 4 6 8 10
Composition MWCNTS (%)

Figure 9: The relationship between porosity and composition
3.3 Microstructure of AI-MWCNTSs Composites

In the example of the cast Al - Cu/MWCNTSs composite,
the Al grain morphology didn't change much contrasted with
Al fine, as displayed in Figure 10. This is on the grounds that
gravity projecting is applied during the arrangement of the
composite, which helps the plasticizing of the powder to
accomplish full thickness. Grain limits are seen all the more
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plainly after continued drawing. In the unadulterated Al tests,
little grain development (Figure 10a) and equiaxed grains
were seen in all composites (Figure 10b and 10c).

Figure 10: Microstructure image etched (a) pure Al, 1.0 wt.% (b)
MWCNT/AI uncoated composite and (c¢) MWCNT/AI. Cu-coated
composite

In the composite sample, the MWCNTs were
homogeneously dispersed at the grain boundaries and within
the Al particles. By comparing the grain size of the composite
samples (Figure 10b and 10c) with the Al powder particles, it
can be seen that the particle growth is very small. This is due
to the embedding effect of MWCNTSs which inhibits particle
growth. It is important to note that the effect of Cu-coated
MWOCNTSs increases more of the Al matrix binding interface.
Therefore, small grain sizes were obtained in the Cu-coated
MWCNTSs/Al  composites compared to the uncoated
MWCNTSs/Al composites, where little grain growth resulting
in relatively larger grains was observed. Due to poor
wettability in uncoated MWCNTs, the embedding of
MWOCNTSs in Al particles was less during casting compared to
Cu-coated MWCNTSs/Al composites.

3.4 Effect of Reinforcing MWCNTS on Hardness

As previously mentioned, copper coated MWCNTS are
added in varying percentages to the pure aluminum melt using
casting techniques. The aim was to improve the wettability
and dispersion between aluminum and MWCNTSs which was
reported to be very poor in a previous review [25]. The
hardness of the sample was tested using a Vickers hardness
tester. About 3 penetrations were carried out on a different
area of each sample. The small variability of the Vickers
hardness between the different indentations is indicative of the
homogeneous distribution of Cu coated MWCNTSs in the
aluminum matrix. The results of the Vickers hardness number
for various percentages of copper coated MWCNTSs are
presented in Table 3.
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Table 3: Hardness test result data

Composition specimen Hardness
(% weight) (HV)
0 MWCNTs | 100 Al 75
2 MWCNTs | 98 Al 78,1
4 MWCNTs | 96 Al 82,4
6 MWCNTs | 94 Al 85,3
8 MWCNTs | 92 Al 88,5
10 MWCNTs | 90 Al 91,3

Based on Figure 11, it can be seen that with increasing
MWCNTs content in Al — MWCNTs composites, the
composite hardness tends to increase. The lowest composite
hardness of 75 HV occurred when the MWCNTS content was
0% by weight. Meanwhile, the highest composite hardness of
91.3 HV occurred when the MWCNTSs content was 10% by
weight.

70
60
50
40
30
20
10

Hardness (HV)

0 2 4 6 8 10
Composition MWCNTSs (% weight)

Figure 11: The relationship between hardness and composition

It was found that adding 2, 4, 6, 8 and 10% copper-coated
MW(CNTS to pure aluminum resulted in an increase in Vickers
hardness of 4.13 ; 9.87 ; 13.73 ; 18.00 and 21.73% are
significant especially that, for example, 2% copper-clad
MWCNTSs have less than 0.1% of MWCNTSs. This confirms
the potential of the process used in producing good quality
cast composites from Al-Cu/MWCNTSs. Efforts are underway
to optimize the casting process and to fully investigate the
mechanical behavior of the composite.

3.5 Thermal Conductivity Test Results

For the thermal conductivity test, Linear Heat
Conduction Devices (TD1002a) were used which was carried
out in the Lab. The Basic Phenomenon of Mechanical
Engineering, Udayana University. The size of the test object is
30 mm in diameter and 20 mm thick, with a power input of 50
Watt. Based on the test results and the calculation of the
thermal conductivity of the Aluminum — Multiwall Carbon
Nanotube composite, the data is obtained as shown in table 4.
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Table 4: Data from the heat conductivity test

Specimen Composition | Thermal Conductivity
(% weight) (Wim.K)
0 MWCNTSs 100 Al 252,42
2 MWCNTSs 98 Al 318,47
4 MWCNTSs 96 Al 330,27
6 MWCNTSs 94 Al 350,49
8 MWCNTSs 92 Al 442,32
10 MWCNTSs 90 Al 294,88

Based on Figure 12, it can be seen that as the MWCNTSs
content increases in the AI-MWCNTSs composite, the thermal
conductivity of the AI-MWCNTSs composite tends to increase.
The lowest composite thermal conductivity of 252.42 W/m.K
occurred when the MWCNTSs content was 0% by weight.
Meanwhile, the highest composite thermal conductivity of
442.32 W/m.K occurred when the MWCNTS content was 8%
by weight.

500,00 442,32
g 450,00
§ 400,00 33027 35049 A
2 35000 - 31847 ’ ’
‘E 300,00 25242
B 250,00 -
2 200,00
S 200,
o
< 150,00
€ 100,00
2
£ 50,00

0,00
0 2 4 6 8 10

Composition MWCNTSs(% weight)

Figure 12: The relationship between thermal conductivity and
composition

IV. CONCLUSION

During the time spent making AI-MWCNTSs composites
with a mix projecting cycle, it tends to be reasoned that:

a) The higher the MWCNTS content, the density of the Al-
MWCNTSs composite decreased, while the porosity of the
Al-MWCNTSs composite increased.

b) The higher the MWCNTSs content, the hardness and
thermal conductivity of the AI-MWCNTSs composite tend
to increase.

€) The distribution of MWCNT in the aluminum matrix was
uneven and agglomeration of MWOCNT occurred at
several locations.

d) Composites with the addition of <10 wt.% Cu/MWNTSs
have higher thermal conductivity than pure aluminum
produced by the same liquid state processing.

e) The Cu/MWNTSs/AlI composites showed a maximum
thermal conductivity of 442.32 W/m/K at 8 wt.%
Cu/MWNTSs. The increase in thermal conductivity is
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supported by the measured microhardness. The
Cu/MWNTSs/Al  composites showed a maximum
microhardness of 91.3 HV also at 10 wt.% Cu/MWNTSs.
f) The outcomes showed that the aluminum matrix
composite supported with copper-covered multiwalled

carbon nanotubes (Cu/MWNTS) is an expected material
for high thermal conductivity applications.
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